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protoDUNE	  LArSo+	  Details	  
•  protoDUNE	  code	  is	  part	  of	  

dunetpc:	  
–  cdcvs.fnal.gov/redmine/

projects/dunetpc	  
•  Most	  code	  is	  common	  with	  

DUNE	  FD	  
•  When	  protoDUNE-‐specific	  

details	  are	  required,	  this	  
will	  be	  set	  via	  services	  fcl	  
files	  
–  protoDUNE	  op6cal	  library	  

generated	  by	  A.	  Himmel	  
–  protoDUNE	  cosmics	  library	  

generated	  by	  M.	  Bass	  
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protoDUNE	  Geometry	  
•  In	  gdml;	  includes	  wires	  and	  nowires	  version	  
•  Developed	  by	  Mar6n	  Tzanov,	  star6ng	  from	  script	  to	  

generate	  DUNE	  FD	  gdml	  wriXen	  by	  Tyler	  Alion	  
•  Ac6ve	  volume	  and	  wire	  planes	  are	  correctly	  

implemented	  with	  sufficient	  detail	  
•  Basic	  cryostat	  volume	  implemented	  based	  on	  

Mar6n’s	  reading	  of	  engineering	  drawings	  
•  Includes	  basic	  implementa6on	  of	  field	  cage	  (needs	  

work)	  
•  Simple	  “beam	  window”	  implemented	  as	  nitrogen-‐

filled	  steel	  pipe	  (needs	  work)	  
–  25	  cm	  outer	  diameter,	  0.5	  mm	  thick	  steel	  wall	  
–  Does	  not	  represent	  details	  of	  beam	  window	  design	  
–  Loca6on	  somewhat	  arbitrary	  
–  S6ll	  some	  issues	  with	  par6cles	  interac6ng	  more	  than	  

expected	  
•  Recently	  corrected	  material	  in	  outer	  volumes	  (foam,	  

steel	  support)	  that	  affects	  cosmic	  simula6ons	  
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Star6ng	  posi6on	  
for	  par6cle	  gun	  MC	  

Simple	  “beam	  
window”	  

(Yellow	  part	  
penetrates	  foam,	  

magenta	  part	  in	  LAr)	  



CORSIKA	  in	  LArSo+	  
•  CORSIKA	  cosmic	  ray	  simula6on	  implemented	  in	  LArSo+	  by	  MaX	  Bass	  

–  Originally	  for	  uBooNE	  
–  See	  talk	  at	  LArSo+	  coordina6on	  mee6ng:	  

indico.fnal.gov/conferenceDisplay.py?confId=10893	  
•  CorsikaGen	  module	  in	  LArSo+	  samples	  from	  pre-‐generated	  library	  of	  

CORSIKA	  samples	  
•  Data	  files	  containing	  pre-‐generated	  samples	  produced	  on	  per-‐experiment	  

basis	  –	  thanks	  to	  MaX	  for	  genera6ng	  this	  library	  for	  protoDUNE	  	  	  
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M.	  Bass	  

Quick	  check	  of	  muon	  rates:	  
•  uBooNE:	  ~160	  Hz/m2	  
•  protoDUNE:	  ~170	  Hz/m2	  
•  Expected	  difference	  based	  on	  

al6tude	  ~6%	  
•  This	  exercise	  uncovered	  issues	  

with	  material	  in	  outer	  layers	  of	  
DUNE/protoDUNE	  geometry	  –	  
fix	  in	  progress.	  



Cosmic	  Simula6on	  in	  protoDUNE	  

•  SampleTime	  =	  1	  full	  dri+	  6me	  +	  readout	  window	  
•  TimeOffset	  adjusted	  for	  protoDUNE	  readout	  window	  
•  ProjectToHeight:	  Showers	  start	  here	  (just	  above	  the	  top	  of	  

the	  cryostat	  volume	  in	  exis6ng	  geometry	  because	  we	  do	  not	  
have	  realis6c	  simula6on	  of	  building,	  etc)	  

•  ShowerInputFiles:	  Files	  in	  dCache	  persistent	  
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Example	  Cosmic	  “Event”	  

6	  

From	  Dorota:	  

•  Dorota	  reports	  reconstruc6on	  
working	  well	  but	  Kevin	  sees	  
tracks	  that	  are	  generated	  but	  not	  
reconstructed	  –	  Dorota	  
inves6ga6ng	  

•  Will	  have	  ~40	  events	  per	  readout	  
window	  



protoDUNE	  SCE	  Simula6on	  
•  M.	  Mooney	  has	  standalone	  

code	  to	  calculate	  expected	  
field	  distor6on	  based	  on	  
assump6on	  of	  uniform	  space	  
charge	  distribu6on	  

•  Posi6on	  distor6ons	  based	  on	  
calculated	  varia6on	  in	  E-‐field	  
implemented	  in	  LArSo+	  
(LArG4/LArVoxelReadout)	  

•  Adjustment	  to	  E-‐field	  used	  to	  
calculate	  recombina6on	  factor	  
in	  process	  of	  being	  
implemented	  in	  LArSo+	  
(LArG4/
Ioniza6onAndScin6lla6on)	  
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Δz	  

Typical	  loca6on	  of	  par6cle	  
gun	  par6cles	  in	  current	  
geometry	  



protoDUNE	  SCE	  Calibra6on	  

•  No	  laser	  calibra6on	  system	  planned	  for	  protoDUNE	  
•  Cosmic	  tagger	  (using	  spare	  DC	  outer	  veto	  modules)	  
being	  discussed	  

•  Mike,	  Elizabeth,	  Flavio	  have	  been	  thinking	  about	  how	  
to	  calibrate	  using	  cosmic	  and	  beam	  halo	  muons	  and	  
requirements	  for	  cosmic	  tagger	  for	  this	  applica6on	  

•  See	  talks	  from	  Jacob	  and	  Mike	  in:	  hXps://
indico.fnal.gov/conferenceDisplay.py?confId=12584	  
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protoDUNE	  SCE	  Calibra6on	  
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protoDUNE	  SCE	  Calibra6on	  
•  Elizabeth’s	  summer	  student	  (Jacob)	  did	  simple	  study	  of	  illumina6on	  

of	  cosmic	  tracks	  crossing	  a	  uniform	  distribu6on	  of	  beam	  halo	  tracks	  
to	  see	  if	  top	  cosmic	  tagger	  required	  

•  Using	  Jacob’s	  framework,	  MaX	  is	  upda6ng	  the	  study	  to	  include:	  
–  Higher	  sta6s6cs	  cosmic	  sample	  
–  Real	  beam	  halo	  distribu6on	  obtained	  from	  CERN	  beam	  simula6on	  
–  Cosmic-‐cosmic	  crossing	  tracks	  
–  Cosmic	  tracks	  that	  cross	  APA-‐APA	  or	  APA-‐CPA	  
–  More	  realis6c	  CRT	  geometry	  
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protoDUNE	  SCE	  Calibra6on:	  
Outstanding	  Issues	  

•  Time	  dependence	  (argon	  flow	  effects?)	  
•  Required	  granularity	  of	  correc6on?	  
•  Simplifying	  assump6ons	  about	  size	  of	  effect	  at	  
TPC	  edges	  ok?	  

•  Op6mal	  placement	  of	  CRT	  panels?	  
•  Technical	  details	  regarding	  CRT	  panels	  
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Exis6ng	  MC	  Samples	  
•  MCC6	  samples:	  

–  No	  SCE	  
–  Par6cle	  gun	  injected	  at	  front	  face	  

of	  “beam	  window”	  
–  Both	  mono-‐energe6c	  and	  Δp/p-‐5%	  
–  Positrons	  (1	  GeV)	  
–  Kaons	  (1	  GeV)	  
–  Protons	  (1	  GeV)	  
–  Pions	  (200	  MeV)	  
–  Muons	  (200	  MeV)	  
–  Samples	  chosen	  based	  on	  needs	  of	  

reconstruc6on	  effort	  (Robert/
Dorota)	  and	  to	  for	  first	  exercise	  of	  
MCC	  machinery	  with	  protoDUNE	  

•  Privately	  generated	  samples:	  
–  Mono-‐energe6c	  MCC	  samples	  with	  

SCE	  posi6on	  effect	  
–  Addi6onal	  par6cle	  momenta	  using	  

mono-‐energe6c	  MCC	  setup	  w/	  and	  
w/o	  SCE	  posi6on	  effect	  (BNL	  
summer	  students	  J.	  Larkin	  and	  A.	  
Depoian)	  
•  Positrons	  (300	  MeV,	  500	  MeV,	  1	  GeV,	  

5	  GeV)	  
•  Protons	  (700	  GeV,	  1	  GeV,	  2	  GeV,	  3	  

GeV)	  
•  Pions	  (300	  MeV,	  500	  MeV,	  1	  GeV,	  5	  

GeV)	  
•  Muons	  (500	  MeV,	  1	  GeV,	  5	  GeV)	  

–  Cosmics	  ray	  sample	  (alone	  and	  
overlaid	  on	  “beam”	  muons	  
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All	  samples	  stored	  on	  FNAL	  DUNE	  disks	  (/dune/data	  or	  /pnfs/dune/scratch).	  Please	  
contact	  Elizabeth	  for	  loca6ons.	  Addi6onal	  samples	  easily	  available	  upon	  request.	  	  



Work	  List	  

•  Work	  list	  for	  both	  calibra6on	  and	  analysis	  topics	  
generated	  at	  Science	  Workshop	  

•  See	  email	  from	  Chang	  Kee	  or	  
hXps://docs.google.com/spreadsheets/d/
1qPS5ZwaDtyrMM8GfMvcwoQjyKksz_urL4OMCY
Yh6yMA/edit	  

•  ETW	  listed	  as	  working	  on	  cosmic	  reconstruc6on,	  
MM	  listed	  as	  working	  on	  space	  charge	  calibra6on	  

•  All	  topics	  could	  benefit	  from	  addi6onal	  effort	  	  
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Mee6ngs/Mailing	  Lists	  

•  protoDUNE	  measurements	  group	  and	  DUNE	  
calibra6ons	  group	  having	  joint	  mee6ngs	  
Thursdays	  at	  10	  CT.	  
– Measurements	  mee6ng	  nominally	  in	  physics	  weeks,	  
coordinated	  by	  Jarek	  Nowak	  and	  Donna	  Naples,	  
mee6ng	  announcements	  go	  to	  fd-‐
cernprototype@fnal.gov	  and	  CENF-‐LBNF-‐
Test@cern.ch	  lists	  

–  Calibra6ons	  mee6ng	  nominally	  in	  detector	  weeks,	  
coordinated	  by	  Josh	  Klein,	  mee6ng	  announcements	  
go	  to	  dune-‐fd-‐calibra6ons@fnal.gov	  list	  
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